Novel mechanisms of cytosolic phospholipase A2α regulation by 清水, 雅也 et al.
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??? 
 
AA  : arachidonic acid 
BEL  : bromoenol lactone 
BHA  : butylated hydroxyanisole 
BSA  : bovine serum albumin 
CaMK II  : calcium/calmodulin-dependent protein kinase II 
CERK  : ceramide kinase 
CHO  : Chinese hamster ovary 
COX  : cyclooxygenase 
cPLA2?  : cytosolic phospholipase A2? 
C1P  : ceramide-1-phosphate 
D-erythro-MAPP : (1S, 2R)-D-erythro-2-(N-myristoylamino)-1-phenyl-1-propanol 
DME  : Dullbecco’s modified Eagle’s 
DTT  : dithiothreitol 
EC  : electrostatic complementary 
ERK  : extracellular signal-regulated kinase 
FBS  : fetal bovine serum 
GFP  : green fluorescent protein  
HBSS  : Hank’s balanced salt solution 
HEK  : human embryonic kidney 
HEPES  : 4-(2-hydroxyethyl)-1-piperazineethanesulfolic acid 
iPLA2  : Ca
2+-independent phospholipase A2  
LT  : leukotriene 
5-LOX  : 5-lipoxygenase 
MAPK  : mitogen-activated protein kinase 
NBD  : 7-nitrobenz-2-oxa-1, 3-diazol-4-yl)amino 
PAF  : platelet-activating factor 
PAPC  : 1-palmitoyl-2-arachidonyl-phosphatidylcholine 
PBS  : phosphate buffered saline 
PG  : prostaglandin 
PIP2  : phosphatidylinositol 4,5-bisphosphate 
PKC  : protein kinase C 
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PTX  : pertussis tixin 
SDS  : sodium dodecyl sulfate 
SM  : sphingomyelin 
sPLA2  : secretory phospholipase A2 
S1P  : sphingosine-1-phosphate 
TBS  : Tris-buffered saline 
Triton X-100  : polyoxyethlene (10) octylphenyl ether 
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???? 
 
A23187      : Calbiochem 
Anti-?-tubulin antibody (T4026)   : Sigma 
Anti-cPLA2 antibody (4-4B-3C)   : Santa Cruz 
Anti-ERK-1 antibody (C-16)   : Santa Cruz 
Anti-ERK-2 antibody (C-14)   : Santa Cruz 
Anti-mouse IgG antibody    : Amersham 
Anti-myc antibody    : Invitrogen 
Anti-phospho-cPLA2 (Ser505) antibody  : Cell signaling 
Anti-phospho-ERK1/2 (Thr202/Tyr204) antibody : Cell signaling 
Anti-rabbit IgG antibody    : Amersham 
[3H] arachidonic acid    : Amersham 
BEL      : Cayman 
BSA      : Sigma 
C1P      : Sigma 
C2 ceramide     : Sigma  
C6 ceramide     : Calbiochem 
C8 ceramide     : Calbiochem 
C8-C1P      : Biomol 
C16 ceramide     : Biomol 
CHAPS      : Sigma 
D-erythro-MAPP     : Calbiochem 
DME      : Sigma 
G418 (geneticin)     : Sigma 
GF109203x     : Sigma 
Gö6976      : Calbiochem 
H2O2      : ???? 
Ham’s F12     : Sigma 
Hygromycin B     : ???? 
KN-62      : Sigma 
KN-93      : Calbiochem 
LipofectAMINE     : Invitrogen 
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Myriocin      : Sigma 
NBD-C6 ceramide    : Molecular Probes 
PAF      : Cayman  
[14C] PAPC     : Perkin Elmer 
PLUS reagent     : Invitrogen 
PMA      : Calbiochem 
PTX      : List Biological Laboratories 
Pyrrophenone     : ????? 
SB202190     : Sigma 
SM      : Sigma 
Sphingosine     : Sigma 
Triton X-100     : ???? 
U0126      : Promega 
W-7      : ????? 
???????     : ????? 
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? ??????????????????????????????????
???????????????????? sn-1 ????????
phospholipase A1(PLA1)?sn-2???????? PLA2???????????
??????????? PLC??????????? PLD???????sn-2
???????????????????????????????????
????PLA2?????????????????????????????
?????????PLA2????????????????????????
???????????????????????????????????
????????????????PLA2?????????????????
????????????????????????????????Lin et al., 
1992; Clark et al., 1995??PLA2????????????????Ca2+????
??????????????? PLA2 (sPLA2)????? PLA2 (cPLA2)?Ca2+
???? PLA2 (iPLA2)?PAF??????????? 4??????????
????? Dennis, 1997; Tischfield, 1997; Balsinde and Denns, 1997; 
Hirabayashi et al., 2004; Murakami, 2004, Table 1??sPLA2?????????
???????????????????????????????????
?????????????????????????????? 10????
???????????????????????????????????
???? mM ????? Ca2+?????????iPLA2??????????
??????????? 63 - 89 kDa???????????? Ca2+????
?????????cPLA2??????? ???????????? 6??????
????????cPLA2? ??????? PLA2??????? 5???????
??????? Ca2+??????????? 
? ??????????? PLA2??????????????? cPLA2? ??
?????????????????? 85 kDa? PLA2??????????
???????????????????????????????????
????????????cPLA2??????????????????????
?????????? (COX)????????? (5-LOX)?????????
???????????????????(PG)????????(LT)???
??????????????????????????????(Fig. 1)?
cPLA2??????????PG?LT?PAF????????????????
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???????????????????????????????????
??????????????????????????????Uozumi et al., 
1997; Bonventre et al., 1997; Nagase et al., 2000; Hegen et al., 2003??????
??????????????????????????????? cPLA2?
???????????????????Stephenson et al., 1996; Klivenyi et al., 
1998; Kalyvas and David., 2004????? cPLA2??????????????
?????????????????????????????? 
? cPLA2?????????? Ca2+??????Qiu et al., 1998; Hirabayashi et 
al., 1999?? cPLA2??????(Lin et al., 1993; Leslie, 1997; Hefner et al., 
2000; Muthalif et al., 2001; Xu et al., 2002)???????????(Das and Cho, 
2002; Six and Dennis, 2003)???????????????cPLA2????M?
????? Ca2+????????????????????????????
????????????Hirabayashi and Shimizu, 2000; Evans et al., 2001??
?? Ca2+?????????N ??????? C2 ????????????
???????????????????????????????????
????????????cPLA2?????????????????????
???????? 3 ????????????Ser505 ? extracellular 
signal-regulated kinase (ERK)? p38 mitogen-activated protein kinase (p38 
MAPK)?Ser515? calcium/calmodulin-dependent protein kinase II (CaMK II)?
Ser727?MAPK interacting kinase ???MNK1?????????????
???????????????????????????????????
????????????????????????(Lin et al., 1993; Leslie, 
1997; Hefner et al., 2000; Muthalif et al., 2001, Fig. 2)?????cPLA2????
????????????????????????phosphatidylinositol 
4,5-bisphosphate (PIP2)? Lys488?Lys541?Lys543?Lys544 ???????
???????????????????????????????????
??(Nalefski et al., 1994; Balsinde et al., 2000; Das and Cho, 2002; Six and 
Dennis, 2003)? 
? ??????????????????????????????????
???????????????????? ???????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
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????????????-1-????C1P?????????????????
-1-????S1P????????????????????????????
???????????????????????????????????
????????Hannun, 1996; Pyne and Pyne, 2000; Gomez, 2004?? 
? ???????????????????? L-?????????? CoA?
?? de novo ?????????????????????????????
???????????????????????????????????
????????????(SM)?????????????????????
???SM?????????????(SMase)??????????????
???????????????????????????????????
????????????????(SPHK)???? S1P ??????????
?????????????(CERK)?????????? C1P ??????
?(Fig. 3)?????????????????C1P?????????????
????????? PLA2?????????????????????Pfau et 
al., 1998; Sato et al., 1999; Kitatani et al., 2000; Huwiler et al., 2001; Nakamura 
et al., 2004, 2006; Pettus et al., 2004???????????????????
cPLA2?????????????????????????????????
???????????? 
? ??????cPLA2? ?????????????????????cPLA2?
???????????????????????Ca2+??? cPLA2?????
???????????????????????????????????
???????????????????????????????? cPLA2?
??????????????????????? 1 ???????????
???????????? cPLA2? ???????????????????
???? 2??? cPLA2???????? 3????????????515??
???????????????CaMK II? cPLA2?????????????
??? 
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Table. 1 Classification of mammalian phospholipase A2. 
 
 
 
Fig. 1 Activation mechanism of cPLA2?. 
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Fig.2 Primary structure of cPLA2?. 
 
 
 
Fig.3 Metabolic pathway of sphingolipids.
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1.? ???? 
? L929???C12???????????????????????????
????????????5 % FBS (fetal bovine serum)???DME??????
95 % air-5 % CO2?37???????????HEK293T???human embryonic 
kidney???10 % FBS ??? DME ?????????????CHO-W11A
???Chinese hamster ovary???10 % FBS??? Ham’s F12??????
??????? 
 
2.? ????????? 
? cPLA2???????????????? pcDNA3.1-cPLA2??????Quick 
ChangeTM (Invitrogen)?????????????? DNA ?????????????
????????? ??? ?????????????? cPLA2??????????????
??????????S228A 5’-CGT TGC TGG TCT TGC GGG CTC CAC CTG 
G-3’??????? S505A 5’-CAT CTT ATC CAC TGG CTC CTT TGA GTG 
ACT TTG CC-3’??????? S515A 5’-CTT TGC CAC ACA GGA CGC CTT 
TGA TGA TGA TG-3’??????? S727A 5’-CCA TCT CGT TGC GCT GTT 
TCC CTT AGT AAT G-3’ ???????cPLA2?-C2 domain-forward (5’-GGA 
AGA TCT ATG TCA TTT ATA GAT CCT T-3’)?reverse (5’-GGT CTG CAG TCA 
GTC TGG GCA TGA GCA AAC-3’)? GFP-cPLA2?-?397-749-forward (5’-GGA 
AGA TCT ATG TCA TTT ATA GAT CCT T-3’) reverse (5’-CAA CTG CAG GGC 
ACT GCC CCA GAC ACC-3’)?????????????????????????
????CERK???????????????????????????  
? ??? cPLA2?? siRNA??TaKaRa?Web?????siRNA Design Support 
System）??BLAST????NCBI web-site???????????????No. 
1, GCG AAC GAG ACA CTT CAA T, No. 2, GCA CAT CGT GAG TAA TGA C, 
No. 3, GGT GCA TAA CTT CAT GCT G??????????siRNA?????
???????pSilencer 2.1-U6 Hygro (Ambion)??????????????
????????????????????????????DNA ?????
???????????????????????? 
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3.? ????????? 
? ?????????????60 mm ?????? 5x105?????????
??24??????LipofectAMINE PLUS Reagent?Invitrogen???????
??pEB6??????????? C12??? G418 (geneticin)???????
???? 500 ?g/mL? 1???????????????? 
 
4.? L929-cPLA2?-siRNA??????? 
? L929??? 60 mm dish? 4 x 105??/??????????????24 ?
????????? pSilencer 2.1-U6 Hygro-mcPLA2?-2 ? LipofectAMINE 
(Invitrogen)??????????????????? 24??????? 96?
??????? 100, 300, 1000, 3000 ??/????????????1000 
μg/mL???? Hygromycin B? 10–14?????????????????
???????????????????????????24 ???????
????????????? Hygromycin B? 5–7?????????????
????????????????????35 mm dish??????????
?????????????????????????? cPLA2???????
???????????????????????????????? 500 
μg/mL ???? Hygromycin B ???????????????????
Hygromycin B??????? DME??????????? 
 
5.? ??????? 
? ??????????????PBS (-)?2???????lysis buffer (10 mM 
HEPES pH 7.6, 0.34 M sucrose, 100 ?M dithiothreitol (DTT), 0.2 % CHAPS, 10 
?g/mL leupeptin, 10 ?g/mL aprotinin, 0.1 mM phenylmethane sulfonyl fluoride 
(PMSF), 1 mM Na3VO4)????????????????????????
???????????????(??????VP-5S)????5? x 5???
????????????????15,000 rpm, 10??, 4??????????
????????? 
 
6.? ???????????? 
? ???????? ??? ?? ???????????????? SDS-PAGE
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?10 %????????????PVDF????????? ??????????????????
???? ???????????????????????? ??????????
?????????????????????????????????? cPLA2?
??Santa Cruz?2000????????????????????????????????????
?????? ???? ??????? ???? ???? ???????? ????????
????????????? ?? ?????????? ??????????????????
????????????? ????????????5000?????? 10 % ???????
/TBS-T ??????????????????????????????????????
? HRP (horseradish peroxidase) ???????????? ????????????
???????????????????? 10 % ???????/TBS-T?????
2000????????? 1????????ECL??? ????????? 1????
?????????????????????? (LAS1000-Plus??????
?)??????????????
 
7.? [3H]??????????? 
? 24???????? 2 x 104??/???????????????[3H] ??
??????????? 0.05 ?Ci/????????????37°C?18 ???
?????????0.1 % BSA?10 mM HEPES??? HBSS? 2?????
????0.1 % BSA?10 mM HEPES???? 500 ?L???????????
??????????? 300 ?L????? 8000 rpm?5??????????
?? 250 ?L?????????????????? ?????????????????
??????? 2 % Triton X-100? 200 ?L????100 rpm?20??????
??????????????? 200 ?L????????????? ?????????
?????????????????????????????????
?
????????? (%) = (????????? / ????????????x 100 
   = {(count A x 2) / (count A x 300 / 250 + count B x 2)} x 100 
 
8.?  ???????????????????? 
? HEK293T?????? CHO-W11A??? 60 mm ?????? 4 x 105??
??????????2 ?g? pEGFP-cPLA2??pEGFP-CERK????????
???????????????????????????????????3
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?????????????????????????????? 24 ????
???????????(???)? 2 x 104??????? 48????????
???????????? FV500-IX?60???????? PlanApo60 x WLSM?
??? 1.00??????????(???? 488 nm????? 507 nm)???
?????????????????0.1 % BSA?10 mM HEPES??? HBSS
????????? 1.8 mL??????? 10??????? 200 ?L????
???????? 
 
9.? ??? Ca2+??????? 
? CHO-W11A??????????????????????2 x 104?????
????????????HBSS (0.1 % BSA?10 mM HEPES)???????6 
μM Oregon Green 488 BAPTA-1 AM (Molecular Probes)????37??1???
??????????????HBSS ? 3 ??????????? 1.8 mL ?
HBSS? 10??????? 200 μL???????????????????
???????????? FV500-IX?60???????? PlanApo60 x WLSM?
??? 1.00???????????FITC?????????????? 
 
10.  ?????????????? 
? 6???????? 2 x 105??/??????????24????????
??????????????????????????HBSS (0.1 % BSA?
10 mM HEPES??)???????NBD-C6 ceramide (???? 466 nm???
?? 536 nm)???? C6 ceramide????? 0.5 μM?30 μM???30??
37??????????????????????30?? 37????????
???????? PBS (-)? 3?????400 μL? PBS (-)?????????
????????????Bligh & Dyer??Bligh and Dyer, 1959??????
??????????0.5 mL???????? 1 mL???????????
???????10??????????????0.5 mL???????? 0.5 mL
????????3000 rpm? 10 ????????????????????
????????????????????????????? = 1 : 1???
??????????TLC ???????????????????????
????? = 13 : 3 : 1??????????????????? (LAS1000-Plus?
??????)???????????????????? ??????????
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??????????????????????????? 
 
11.  In vitro PLA2???? 
? 1-palmitoyl-2-[14C]-arachidonyl-phosphatidylcholine (PAPC)????????
???????????????? 0.1 % Triton X-100???????????
??????Reaction buffer?100 mM HEPES ; pH 7.4?1 mg/mL BSA?4 mM 
CaCl2?10 mM DTT?175 ?L?????? PAPC  50 ?L?~60000 dpm/tube??
cell lysate?1 ?g/?L?25 ?L?????37°C?30?????????????
???????????????????? ?????????????????????Dole
???1N H2SO4/ n-heptane/ isopropanol =2/20/78?1.25 mL????????
?????n-???? 0.75 mL???? 0.5 mL????????3000 rpm?5
???????? 0.75 mL??????? n-??????100 mg??????
????????????3000 rpm?5??????2???????????
PAPC ??????????????????????[14C]????????
??? 1 mL??Microscint-0??????????????1 mL??????
??????????????????14C ???????????????
PLA2???????? 
 
12.? ??????????????????? 
cPLA2??CaMK II???????????????Brookhaven Protein Databank 
1CJY? 2F86????MOE?????? 2006.0801?CCG???????cPLA2?
? CaMK II?????????????????ZDOCK??????????
???????????????????????????????????
??MOE? Amber99???????????????????????EC?
???????????????McCoy et al., 1997?????????????
???????????MolFeat?????? 3?FiatLux?????????? 
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? 1?? ??????????????????? cPLA2??????? 
 
1. ?? 
? ???cPLA2??????????????????? Ca2+????????
??????????????????????????????? cPLA2?
?????????????PIP2 ????????????PIP2 ??cPLA2?
? C???????????????????????cPLA2????????
???????????????????????????????????
??(Nalefski et al., 1994; Das and Cho, 2002; Six and Dennis, 2003)?????
????????????????????????????????? C1P
? cPLA2??????????Huwiler et al., 2001; Pettus et al., 2004; Nakamura 
et al., 2006?????????? cPLA2? ???????????????
?Nakamura et al., 2004?????C1P??????? CERK? RNAi?? down 
regulation????Ca2+??????????????? 1? (IL-1 ?)?????
????????????????????????? C1P????????
???????Pettus et al., 2003, 2004??????????????????
???????? PLA2?????????????????????????
???? cPLA2?????????????????????????????
????????????????????????? cPLA2????????
????????????????????????cPLA2?????????
?????????????????????????????????PAF?
???????????????????????????????????
????? cPLA2???????????????????????Ca2+???
????A23187 ??????????????????cPLA2? ??????
?????????????????CERK ?????????C1P ????
????? cPLA2????????????manuscript in preparation?? 
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2. ?? 
2-1. CHO-W11A??????????????????????????? 
? CHO-W11A????PAF???????????????????????
???PAF ????? cPLA2? ?????????????????????
??????????Hirabayashi et al., 1999??PAF???? G??????
?????????????? G??????????????MAPK???
???????????PLA2??????????????????????
?????????????????????Izumi et al., 1995???? PAF?
?????????? CHO-W11A????????????????????
??????????????? C2?????N-????????????30 
?M?? 30 ????????? PAF ???A23187 ????????? C2 ?
???????????????????????????????????
PAF???????5??????????????????20 ~ 30????
?????????C2 ????????????5 ????????????
???60 ??????????????????????????Fig. 4A??
???A23187?????PAF??????? 10????? C2??????
?????????30?????????????Fig. 4B?? 
0 10 20 30 40 50 60 70
0
8
16
PAF
C2 ceramide + PAF
A)
Time (min)
0 10 20 30 40 50 60 70
0
10
20
A23187
C2 ceramide
      + A23187
B)
Time (min)  
Fig. 4 Time course of PAF- or A23187-induced AA release from CHO-W11A cells with or without 
C2 ceramide pretreatment. 
CHO-W11A cells were pretreated with 30 ?M C2 ceramide for 30 min, and then cells were 
stimulated with 100 nM PAF (A) or 5 ?M A23187 (B) for indicated minutes. In Panel A, open 
symbol and closed symbol indicated pretreatment without C2 ceramide and pretreatment with 
C2 ceramide, respectively. Representative graph of three experiments are shown and the results 
are the average ± S.D. of triplicate
 17
? ?? C2?????????????cPLA2???????????????
?????cPLA2?????????????????Ono et al., 2002????
??PAF ???? C2 ?????????????????????????
????????????????????????????????? C2?
??????????????????????????Fig. 5A???????
??C2????????? PAF?????????????????cPLA2?
?????????????????????????????????
A23187??????????????????? A23187?????????
?????????????????Fig. 5B?????????????????
????????????????????????cPLA2?????????
?????????????????? C2????????????????
????????????PAF ????????? A23187 ????????
? 30 ?M? C2????????????????data not shown?? 
 
Vehicle PAF
0
4
8
Vehicle
C2 ceramide
Pyrrophenone
Pyrro + C2
***
***
***
A)
 Vehicle A23187
0
5
10
15
Vehicle
C2 ceramide
Pyrro + C2
†††***
B)
 
Fig. 5 Effect of C2 ceramide on PAF- or A23187-induced AA release from CHO-W11A cells.  
CHO-W11A cells were pretreated with 30 ?M C2 ceramide and/or 3 ?M pyrrophenone for 30 min, 
and then cells were stimulated with 100 nM PAF (A) or 5 ?M A23187 (B) for 30 min. Date 
represent means ± S. E. M. of three independent experiments and each performed in duplicate. 
*** P < 0.001, 
†††
 P < 0.001, significantly different from the vehicle-treated cells or C2 
ceramide-treated cells, respectively. 
 
2-2. C2?????????? Ca2+???????? 
? C2????????? PAF?????????????????A23187?
????????????????????????????C2 ??????
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PAF???????????????????????PAF????????
?????????? Ca2+???????? Ca2+??????????
Oregon Green 488 BAPTA-1, AM????????????????????
?? PAF ????????????? Ca2+????????????Fig. 6A 
upper??C2 ???????????PAF ???????? Ca2+??????
???????Fig. 6A lower??A23187???????? Ca2+??????PAF
?????????????????C2 ????????????????
?Fig. 6B?? 
 
Fig. 6 Effect of C2 ceramide on PAF- or A23187-induced increase in intracellular Ca
2+
 
concentration in CHO-W11A cells. 
CHO-W11A cells were loaded with 6 ?M Oregon Green 488 BAPTA-1, AM for 60 min. After 
washing, cells were pretreated with 30 ?M C2 ceramide, and then cells were stimulated with 100 
nM PAF (A) or 5 ?M A23187 (B). The pictures are at the time of 20 sec after stimulation. Data are 
representative of three independent experiments. 
 
2-3. C2??????? cPLA2????????? 
? C2 ?????????????????PAF ?????? Ca2+?????
?????????????????????????????C2?????
?????? Ca2+??????????????? cPLA2? ????????
???????????????????????????????????
? GFP? cPLA2???????????????? CHO-W11A??????
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??PAF????? A23187????? GFP-cPLA2????????????
PAF ???????????? 30 ???? GFP-cPLA2? ?????????
????C2????? 30???????? PAF???????PAF????
???????? GFP-cPLA2? ????????????Fig. 7A?????
A23187?????C2????????? GFP-cPLA2???????????
??Fig. 7B??????C2????????PAF???? cPLA2??????
??????????????????????????????????? 
 
Fig. 7 Effect of C2 ceramide on PAF- or A23187-induced translocation of GFP-cPLA2? in 
CHO-W11A cells. 
CHO-W11A cells transiently transfected with the expression vector for GFP-cPLA2? were 
pretreated with 30 ?M C2 ceramide for 30 min, and then cells were stimulated with 100 nM PAF 
(A) or 5 ?M A23187 (B). The pictures are at the time of 1 min after stimulation. Data are 
representative of four independent experiments. 
 
2-4. ?????????????????????? 
? ??????????????????????????????????
??C2??????????????????????????????C6 (N-
??????)? C8 (N-??????)???????????????????
??C2????????????????????????????????
????????C6????? C8??????C2????????????
??PAF??????????????????A23187??????????
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?????????????????Fig. 8???????? Ca2+??????
????GFP-cPLA2????????????C2?????????????
??data not shown?? 
 
Vehicle PAF A23187
0
5
10
15
20
Vehicle
C2 ceramide
C6 ceramide
C8 ceramide
***
***
***
***
***
**
 
Fig. 8 Effects of various ceramides on PAF- or A23187-induced AA release from CHO-W11A 
cells. 
CHO-W11A cells were pretreated with 30 ?M C2 ceramide, 30 ?M C6 ceramide, or 30 ?M C8 
ceramide for 30 min, and then cells were stimulated with 100 nM PAF or 5 ?M A23187 for 30 min. 
Date represent means ± S. E. M. of three independent experiments and each performed in 
duplicate. ** P < 0.01, *** P < 0.001, significantly different from the vehicle-treated cells. 
 
? ???????????????????? cPLA2????????????
???????????????????????????????
D-erythro-MAPP ???????????D-erythro-MAPP ?????????
?????????????????????????????????
?Bielawska et al., 1996??D-erythro-MAPP (30 ?M)? 3??????????
PAF??? A23187??????????PAF??????????????
??????A23187??????????????????????????
?Fig. 9??A23187???????????????????????????
???????PAF ??????????????????????????
???????????????????????? PAF?????????
???????????????????????????????????
??????????????????????? 
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Vehicle PAF A23187
0
5
10
Vehicle
D-e-MAPP
*
 
Fig. 9 Effect of D-erythro-MAPP on PAF- or A23187-induced AA release from CHO-W11A cells. 
CHO-W11A cells were pretreated with 30 ?M D-erythro-MAPP for 3 hr, and then cells were 
stimulated with 100 nM PAF or 5 ?M A23187 for 30 min. 3H levels in supernatants were 
calculated as a percentage of the total incorporation of [
3
H] AA. Date represent means ± S. E. M. 
of three independent experiments and each performed in duplicate. * P < 0.05, significantly 
different from the vehicle-treated cells. 
 
2-5. ???????????????????????????????? 
? ??????????????????????????????????
???????C6?????30 ?M?? 30??????????PAF???
??? A23187??? 30?????????????????TLC?????
???????PAF ??????????????????????????
????Fig. 10?????A23187????????????????????
????????????????L929?????? cPLA2????????
???????????Nakamura et al., 2004??CHO-W11A????????
??????? ????2? ??????????????????? ??????
?????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????????
???????????? 
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Fig. 10 Detection of sphingosine in CHO-W11A cells. 
CHO-W11A cells were pretreated with 30 ?M C6 ceramide for 30 min, and then cells were 
stimulated with 100 nM PAF or 5 ?M A23187 for 30 min. Lipids were separated by TLC. Lipids 
spots were detected by the dilute sulfuric acid. Data are representative of two independent 
experiments.  
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Fig. 11 Effect of sphingosine on PAF- or A23187-induced AA release from CHO-W11A cells. 
CHO-W11A cells were pretreated with 30 ?M C2 ceramide or 30 ?M sphingosine for 30 min, and 
then cells were stimulated with 100 nM PAF or 5 ?M A23187 for 30 min. The levels of AA release 
expressed as a percentage of the each vehicle-treated cells. Date represent means ± S. E. M. of 
four independent experiments and each performed in duplicate. ** P < 0.01, *** P < 0.001, 
significantly different from the vehicle-treated cells. 
 
2-6. ????????? cPLA2??ERK????????? 
? PAF????? cPLA2???????Gq????????????????
Gi???????????????????????????C2??????
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????????????????Gi????????MAPK???????
???????????????????????Gi ???????????
? PTX??????????????PAF????????????????
???PTX????100 ng/mL?18??????????????????C2
????? PTX ?????????C2 ?????????????????
?????????????????????Fig. 12??????Gi????
??????????????????????????? 
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Fig. 12 Effect of PTX, an inhibitor of Gi protein, on PAF-induced AA release from CHO-W11A 
cells. 
CHO-W11A cells were pretreated with 100 ng/mL PTX for 18 hr and/or 30 ?M C2 ceramide for 
30 min, and then cells were stimulated with 100 nM PAF for 30 min. 
3
H levels in supernatants 
were calculated as a percentage of the total incorporation of [
3
H] AA. Representative graph of 
two experiments are shown and the results are the average ± S.D. of triplicate. 
 
? cPLA2??????????????????????????????Lin et 
al., 1993; Leslie, 1997; Hefner et al., 2000; Muthalif et al., 2001; Xu et al., 2002??
PAF?????????????????? Ca2+?????????????
?????????????? cPLA2? ?????????????????
?Honda et al., 1994; Hirabayashi et al., 1999; Ishii and Shimizu, 2000?????
???????????????????????????????????
????????MEK/ERK ?????? U0126?p38 MAPK ??????
SB202190?PKC?????? GF109203x? Gö6976????? 10 ?M??
???????????U0126?GF109203x?Gö6976?????????PAF
????????????????????????PAF ?????????
???????ERK? PKC????????????????Fig. 13?? 
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? ??????C2 ?????????? cPLA2? ? ERK ?????????
???????????????????????????????????
??????????PAF????? cPLA2?? ERK??????????C2
???????????? cPLA2?? ERK????????????????
????Fig. 14?????A23187?????cPLA2?? ERK????????
???C2????????????????????????? 
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Fig. 13 Effects of kinase inhibitors on PAF-induced AA release from CHO-W11A cells. 
CHO-W11A cells were pretreated with each kinase inhibitors (10 ?M) or pyrrophenone (3 ?M) for 
30 min, and then cells were stimulated with 100 nM PAF for 30 min. U0126 is an inhibitor of 
MEK/ERK and SB201290 is an inhibitor of p38 MAPK. GF109203x and Gö6976 are inhibitors of 
PKC, and pyrrophenone is an inhibitor of cPLA2?. Representative graph of two experiments are 
shown and the results are the average ± S.D. of triplicate. 
   
Fig. 14 Effect of C2 ceramide on PAF- or A23187-induced phosphorylation of cPLA2? and ERK. 
CHO-W11A cells were pretreated with 30 ?M C2 ceramide for 30 min, and then cells were 
stimulated with 100 nM PAF or 5 ?M A23187 (A) for 30 min. The picture shows the 
phosphorylation levels and protein levels of cPLA2? or ERK; vehicle-treated cells in lane 1, 
PAF-treated cells in lane 2, A23187-traeted cells in lane 3, C2 ceramide-treated cells in lane 4, 
C2 ceramide/PAF-treated cells in lane 5, C2 ceramide/A23187-treated cells in lane 6. Data are 
representative of two-three independent experiments. 
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2-7. CERK??? C1P????????????? 
? ??????????????????C1P????????????? C1P
??cPLA2? ???????????????????????Pettus et al., 
2004; Nakamura et al., 2006??C1P???????????????????
(CERK)????????????????????CERK??N??????
???????????????????????????cPLA2? ?????
??? Ca2+???????????????????????????
?Sugiura et al., 2002; Mitsutake et al., 2004; Carre et al., 2004, Fig. 15????
??????? C1P???????????CHO-W11A????? CERK?
???????????????? cPLA2??????????????CERK
????????????????????????????????????
Ca2+??????? A23187? PAF??????????CERK??????
???????????????????Fig. 16??????????????
?????????????????data not shown??????CERK???
???????????????cPLA2??????????????????
????? 
? CERK ??????????????????C1P ???????????
???????????????????????NBD-C6 ????????
????????C1P ?????????????????????????
??????????C1P ???????????????CERK ?????
????????????? C1P????????? PAF?????????
??????????????Fig. 17??????????????????
C1P??cPLA2????????????????????????????? 
 
 
Fig. 15 Primary structure of CERK. 
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Fig. 16 Effect of CERK expression on PAF- or A23187-induced AA release from CHO-W11A 
cells. 
CHO-W11A cells transiently transfected with the expression vector for CERK were stimulated 
with 5 ?M A23187 (A) or 100 nM PAF (B) for 30 min. The levels of AA release expressed as a 
percentage of the each vehicle-treated cells transfected with control vector. Date represent 
means ± S. E. M. of four (A) or eight (B) independent experiments and each performed in 
duplicate. * P < 0.05, *** P < 0.001, significantly different from the vehicle-treated cells. 
 
? ????CERK ??????????????????C1P ???????
???????C1P ??????????????????????????
??????? de novo ????????????????????????
???????????????????????????????????
???????????????????????Hanada et al., 2000????
???????????????????????????????1 ?M??
18???????????????????????????????PAF?
???????????CERK ?????????????????????
??????????????????????????????Fig. 18???
???????????????? C1P ??????????cPLA2? ???
???????????????? 
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Fig. 17 Detection of C1P in CHO-W11A cells expressing CERK. 
CHO-W11A cells transiently transfected with the expression vector for CERK were pretreated 
with 0.5 ?M NBD-C6 ceramide for 30 min, and then cells were stimulated with 100 nM PAF for 30 
min. Lipids were separated by TLC. Sphingolipis spots were detected by using LAS1000-Plus. 
? is unidentified spot. Data are representative of three independent experiments. 
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Fig. 18 Effect of myriocin on PAF-induced AA release from CHO-W11A cells expressed CERK. 
CHO-W11A cells transiently transfected with the expression vector for CERK were pretreated 
with 1 ?M myriocin for 18 hr, and then cells were stimulated with 100 nM PAF for 30 min. The 
levels of AA release expressed as a percentage of the each PAF-treated cells transfected with 
control vector. Date represent means ± S. E. M. of three independent experiments and each 
performed in duplicate. ** P < 0.01, significantly different from the vehicle-treated cells 
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2-8. ????/A23187????????????????????????? 
? ??????PKC ??????????????????Kajimoto et al., 
2001; Aschrafi et al., 2003????????????????? C1P? PKC?
???cPLA2???????????????????Nakamura et al., 2006??
????C2???????????? A23187??????????????
?????PKC ????????????????????????????
??????????????????C2????????????????
?????????U0126?GF109203x?Gö6976 ????? ? ??????
???????C2 ????/A23187 ????????????????ERK, 
PKC??????????????Fig.??????
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Fig. 19 Effects of kinase inhibitors on C2 ceramide/A23187-induced AA release from 
CHO-W11A cells. 
CHO-W11A cells were pretreated with each inhibitors (10 ?M) or pyrrophenone (3 ?M) with or 
without 30 ?M C2 ceramide for 30 min, and then cells were stimulated with 5 ?M A23187 for 30 
min. U0126 is an inhibitor of MEK/ERK, SB201290 is an inhibitor of p38 MAPK, GF109203x and 
Gö6976 are inhibitors of PKC, and pyrrophenone is an inhibitor of cPLA2?. 3H levels in 
supernatants were calculated as a percentage of the total incorporation of [
3
H] AA. Date 
represent means ± S. E. M. of three-four independent experiments and each performed in 
duplicate. ** P < 0.01, *** P < 0.001, significantly different from the C2 ceramide/A23187-treated 
cells. 
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3. ?? 
? ??????????????? C2 ??????PAF ?????????
????????????????????????????????????
???A23187??????????????????????????? C1P
???????????????????????????? 
? ?????????????????? cPLA2? ??????????
cPLA2? ???????????????????????????????
???????????????????????????????????
????????????????cPLA2?? C??????????????
????????????????????????????cPLA2?? C??
???726-749??????????????????????Nakamura et al., 
2004??????????????? cPLA2?? C?????????????
??????????? Ca2+?????????? cPLA2? ????????
?????????????????????????????? Ca2+???
???????????????Mathes et al., 1998?????????????
???????????????????????? Ca2+?????????
???????????????????????? Ca2+?????????
???????????????????????????????? Ca2+?
???????????????????????????????????
??????????????????????????????? Ca2+??
? cPLA2? ???????????????? Ca2+????????????
???????????????? Ca2+?????????????????
???????????????????????? Ca2+?????????
???????????? 
? ???PAF???????????????????Gi?????????
??? PTX???????????????????PKC?????????
ERK ?????????????????????????????????
??Gi ????????????????????????????????
??????????????????? Gq???????????????
??? Ca2+?????????? PLC??????????????????
???PKC ???????????????????? PKC ??????
?Kajimoto et al., 2001; Aschrafi et al., 2003????????????????
????? PKC?????????????Hannun et al., 1986??????
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????????? cell line ??? RBL-2H3 ?????C6 ????????
??????????cPLA2???????????????????????
????????Kitatani et al., 2001???????????????????
cPLA2? ???????ERK??????????????????ERK??
???? Na3VO4????????cPLA2?????????????????
???????????PAF?????? ERK? cPLA2??????????
???????????????????????????????????
????????????????????? cPLA2????????????
???????????????????????????????????
PAF????????????????????PKC???????????
????? ERK ??????????????cPLA2? ??????????
??????????????cPLA2?????????????? cPLA2??
???????????????????????????????????
??????? PAF ?????????????????cPLA2? ?????
???????????????????????????????????
cPLA2????????????????????????PAF????? PKC
???????????????????????????????????? 
? ??????????????????????????????????
??? D-erythro-MAPP????????????D-erythro-MAPP???? C2
????????????????? PAF????????????????
??????????data not shown???????????????????
???? 3???????????????Bernardo et al., 1995; Tani et al., 
2000; Mao et al., 2001; Delgado et al., 2006??????? D-erythro-MAPP??
??????????????????????????Bielawska et al., 
1996??????????????????????????????????
???????????? 
? PAF ????????????????????????????????
????????????????? PAF????????????????
???????????????????NO???????????????
???? PKC???????????????Franzen et al., 2002??PDGF
? IGF?EGF ?????????????????????????????
?????????????????Coroneos et al., 1995?????????
??PKC ???????????????????????????????
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????????????????????????????PAF ?????
?????????????PKC?????????????????????
PAF????A23187?????ERK??????????????????
????PAF????? PKC???? ERK???????????????
???????????????????????????????????
?????????PAF ??? A23187 ?????????????????
??????????????? 
? ????????????????????????C1P??cPLA2????
???????????????????????????????????
cPLA2????????????????????Pettus et al., 2004?????
?? C1P ??????cPLA2? ? C2 ???????????????in vitro
????cPLA2?????????????????????Pettus et al., 2004; 
Nakamura et al., 2006?????C1P??cPLA2??????????????
??PKC ????????????????? cPLA2? ??????????
???????Nakamura et al., 2006????????C1P?????????
?????C2????????? A23187????????????????
??PKC? ERK????????????????????????????
?????????????????????????C6?????????
Ca2+???? cPLA2? ?????????????????????????
????????????Kitatani et al., 2000???????????????
???? C1P ? cPLA2? ???????cPLA2? ?????????????
?????????????????Pettus et al., 2004; Nakamura et al., 2006??
??????CERK?????? C1P??????????????????
???? C1P??????????????????????????? Ca2+
??????????????? CERK ??Ca2+????????????
C1P??????????????????????????????C1P??
cPLA2???????????????????????????????? 
? ??????????????? PAF??? A23187????? cPLA2??
???????????????????????????????????
?????????? 
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? 2?? ?????????? cPLA2??????????? CaMK II??? 
 
1. ?? 
? Ca2+??????????????????? 100 ???????????
????????????????????????Ca2+?????????
?????????????Ca2+/???????????????CaMK???
Ca2+?????????????????????????????????
??????????????Ishida et al., 2003; Tombes et al., 2003????
CaMK???I ~ IV??????????????????? CaMK II??cPLA2?
?????????????????????????????????
?Muthalif et al., 1996, 2001??cPLA2???????????????????
??? 3??????505????????? ERK/p38 MAPK???????
?????Lin et al., 1993??727??????????MNK1???????
??????Hefner et al., 2000?????????????? CaMK II???
??????????? 515????????????Muthalif, et al., 2001?
???????????? 515 ?????????????????????
????????????????????CaMK II????????????
???????????????????????????????? cPLA2?
????????????????????????????Fatima et al., 
2003???515 ????????????????????????????
??????515??? cPLA2???????????????????????
515??????????????????????????????????
??CaMK II????KN-93??? cPLA2??????????? cPLA2???
???????????????????????????????????
??515????????????????? cPLA2????????????
?????????KN-93 ??? cPLA2? ????????????????
????? KN-93?????????????CaMK II??cPLA2??????
?? A ??????????????????????????????
?Shimizu et al., 2008?? 
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2. ?? 
2-1. ?????????? cPLA2??????? 
? cPLA2? ? 3 ???????????????????????????
?S505A, S515A, S727A???3??????????????????AAA?
????????????????????????cPLA2???????Ser228, 
Sharp et al., 1994?????????????????S228A????????
???????????????????????? L929?????????
? cPLA2?????????? C12???Hayakawa et al., 1993??????
C12 ?????????????????????????????????
???????????????????????????Shimizu et al., 
2004????????????????EBNA-1???????? pEB6 CAG?
???????????????????????????????????
???????????????????????????????????
??????????????????Tanaka et al., 1999; Shimizu et al., 
2004?????????????? 1?????????????? cPLA2??
?????????????????????????????????WT?
????????????Fig. 20??????? cPLA2???????????
??? L929?????????????data not shown?? 
? ?? pEB6 CAG???????????????????????????
????????????????????????????A23187 (10 ?M)
???????????cPLA2??????????????????????
????????Tournier et al., 1997; Han et al., 2003; Han et al., 2004; Nguyen 
et al., 2004?????? H2O2 (1 mM)???????????????????
?????L929??? cPLA2??????????????????????
?????????Taniguchi et al., 2006???????????cPLA2????
??? C12 ???????????WT ?????????????????
?????????????????? S228A??????????????
???????????????S505A? S727A?AAA??????WT??
????????7 ???????????????????????S515A
??????WT?????????????????????Fig. 21????
?????515?????????????????????????????
????? 
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Fig. 20 Protein expression in C12 cells transfected with pEB6 CAG vector encoding wild-type 
and mutant cPLA2?.   
(A) C12 cells were transfected with the expression vectors for wild-type and mutant cPLA2?. 
Panel A shows the protein levels of cPLA2? (Upper panel) and ?-tubulin (Lower panel); 
C12-cPLA2? (wild-type, WT) cells in lane 1, C12-S228A cells in lane 2, C12-S505A cells in lane 
3, C12-S515A cells in lane 4, C12-S727A cells in lane 5, and C12-AAA cells in lane 6. Data are 
from a typical experiment repeated 3 ~ 4 times. (B) The band signals of cPLA2? proteins were 
quantified using a densitometer, and the ratios of cPLA2? to ?-tubulin were determined. The 
levels of cPLA2? mutant proteins, that is expressed as a percentage of the control cells 
expressing the wild-type cPLA2? (N = 3 ~ 4).   
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Fig. 21 A23187/H2O2-induced AA release from C12 cells expressing wild-type and mutant 
cPLA2?. 
The cells were stimulated with vehicle or A23187/H2O2 (10 ?M and 1 mM, respectively) for 30 
min. Data shows the results of net increases in the amount of AA released by A23187/H2O2 in 
the mutants are normalized as percentages of the control value for C12-cPLA2? cells. Data are 
means ± S.E.M. for 3 ~ 4 independent experiments. ** P < 0.01, *** P < 0.001, significantly 
different from C12-cPLA2? WT cells.    
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2-2. ?????????? A23187????? cPLA2????????? 
? ???S515A ?????????????????GFP ????? cPLA2?
???????????????????????C12 ??????????
????????????? GFP-cPLA2? ????????????????
HEK293T???????????????????????????HEK293T
????A23187???10 ?M??????1???????????????
??????????????Fig. 22???????????????????
????????????????????????????cPLA2?????
???????????????????????? 
 
Fig. 22 A23187-induced translocation of wild-type and mutant cPLA2? in HEK293T cells.  
HEK293T cells transiently transfected with the expression vector for GFP, GFP-cPLA2?, or 
respective GFP-cPLA2?-mutants were stimulated with 10 ?M A23187. The pictures are at the 
time of 1 min after stimulation. Arrows indicate the typical areas showing an increase in 
fluorescence.  Data are from a typical experiment repeated three times. 
 
2-3. CaMK II????? cPLA2??????? 
? In vitro?? PLA2??????CaMK II?????? cPLA2????????
??????????????Muthalif et al., 2001??????CaMK II???
???? cPLA2?????????????????????????????
??? C12????????CaMK II? cPLA2??????????????
????????CaMK II?????KN-93?10 ?M?? CaMK II??????
??????????????W-7?10 ?M????????????????
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???????????????????????WT ? S515A?AAA???
???????????????????????Fig. 23?????S505A ?
S727A?????????????????data not shown?????????
in vitro? PLA2??????KN-93? KN-62?KN-93???????? CaMK II
??????cPLA2???????????????Table. 2????????KN-93
???????? cPLA2????????????????CaMK II?????
? cPLA2?????????????????????????? cPLA2???
?????????????????????????????? 
 
 
Fig. 23 Inhibitory effects of W-7 and KN-93 on A23187/H2O2-induced release of AA from C12 
cells expressing wild-type and mutant cPLA2?.  
C12 cells were transfected with each expression vector (wild-type and respective mutant of 
cPLA2?). The cells were pretreated with vehicle, 10 ?M W-7, or 10 ?M KN-93 for 30 min, and 
then stimulated with vehicle or A23187/H2O2 (10 ?M and 1 mM, respectively). Data are means ± 
S.E.M. for 3 ~ 4 independent experiments, each performed in triplicate. * P < 0.05, *** P < 0.001, 
significantly different from that without the inhibitors.  
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Table. 2 Activities of wild-type and mutants cPLA2? in vitro and effects of KN-93 and KN-62 on 
the activity. 
Cell lysates were prepared from HEK293T cells expressing the wild-type, S228A, S515A, and 
AAA mutant proteins and from the control vector-treated cells. The PLA2 activity in the cell 
lysates (15 μg protein) were measured as described in Experimental Procedures in the presence 
of the indicated reagents. Data are means ± S.D. for duplicate determinations in a typical 
experiment involving two representative experiments. 
 
2-4. CaMK II????? cPLA2????????? 
? CaMK II??? cPLA2???????????????cPLA2???????
???????????????????CaMK II?????????????
???? cPLA2???????????????????????Fatima et al., 
2003????????????????????CaMK II? cPLA2??????
?????????????????????A23187???????????
?? cPLA2? ???????KN-93 ???????????????????
???????AAA????WT???????????????Fig. 24A, B??
??????????????S505A, S515A, S727A???????????
??????data not shown?????????CaMK II????? cPLA2??
?????????????????????????CaMK II???????
????????????cPLA2?? C?????????????????Fig. 
24C??cPLA2? ??????? C2 ?????????????? Ca2+???
??????????????????Perisic et al., 1999; Gijon et al., 1999??
?? C2??????????????????????A23187??????
???????????????????? KN-93 ????????????
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?Fig. 24D?????C2?????? C??????????????397-749?
???KN-93??????? cPLA2?????????????Fig. 24E???
?? C???????????530-749???????KN-93????????
???????data not shown???????????CaMK II??cPLA2???
????? A???? cPLA2????????????????????? 
 
Fig. 24 Effect of KN-93 on A23187-induced translocation of wild-type and mutant cPLA2? in 
HEK293T cells.   
HEK293T cells were transiently transfected with the expression vector for GFP-cPLA2?, or 
respective GFP-cPLA2?-mutants. The cells were pretreated with vehicle or 10 ?M KN-93 for 30 
min, and then stimulated with 10 ?M A23187. The pictures are the at the time of 1 min after 
stimulation. Arrows indicate the typical areas showing an increase in fluorescence. Panels A and 
B show the response of wild-type cPLA2? and cPLA2?-AAA proteins, respectively. Data are from 
a typical experiment repeated 3 ~ 4 times. Panel C shows the structure of vectors expressing 
wild-type and mutant cPLA2?. Panels D and E show the response of cPLA2?-C2 domain and 
cPLA2?-?397-749, respectively. Panel F shows the results of quantitative analyses of the 
responses of wild-type cPLA2? and respective mutants, and the effect of KN-93. Data are from 
experiments repeated 3 ~ 4 times, and the 30 ~ 40 GFP-positive cells in each experiment were 
examined. ** P < 0.01, significantly different from that without KN-93.  
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2-5. ?????????????????? cPLA2?? CaMK II????? 
? CaMK II ? cPLA2? ?????????????????????????
??????????????????????????electrostatic 
complementary, EC?????????CaMK II??????????????? 4
?????????????????????????? 38????????
????????Tobimatsu and Fujisawa, 1989; Tombes et al., 2003????
CaMK II ? 12 ????????????????????????????
?Kolb et al., 1998??In vitro?????????CaMK II???cPLA2????
???????????????Muthalif et al., 2001??????CaMK II???
????? cPLA2??????????????????ZDOCK??????
????????????????????CaMK II???????? cPLA2?
?????????????????????????Fig. 25????????
??????????????cPLA2?? Gln160 ~ Gly174?????????
??????????????cPLA2???????? A??????????
??Fig. 24 ????????????CaMK II ??cPLA2? ??????? A
?? Gln160 ~ Gly174??????????cPLA2?????????????
?????????????cPLA2?? CaMK II??????????????
??????cPLA2?? CaMK II?????????????????????
?????????????????Fig 26????????????????
?????????????????????????? 0.48? 0.58????
????????????????CaMK II? cPLA2? ???????-???
????????????????????? 
 
Fig. 25 Molecular interaction of cPLA2? and CaM kinase II?.  
Orange, CaM kinase II?; green, cPLA2?; magenta, from Gln160 to Gly174 of cPLA2?. CaM 
kinase II? can interact with the catalytic domain A of cPLA2? via Gln160 ~ Gly174. 
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Fig. 26 The electrostatic potential on the molecular surfaces buried in the interface between 
cPLA2? and CaM kinase II?.   
(A) EC on the buried molecular surface of cPLA2? generated by charges on cPLA2?, (B) that of 
cPLA2? generated by charges on CaM kinase II?, (C) that of CaM kinase IIa generated by 
charges on cPLA2?, (D) that of CaM kinase II? generated by charges on CaM kinase II?. The 
most negative electrostatic potential throughout all spaces for each electrostatic field is indicated 
in red and the most positive electrostatic potential is indicated in blue. The protein-protein 
interfaces of CaM kinase II? and cPLA2? have anti-correlated (complementary) surface 
electrostatic potentials that were adequate to support our speculation. EC values of Pearson’s 
and Spearman’s correlation were 0.49 and 0.54, respectively. Since these EC values are 
significantly positive, we presume that CaM kinase II can directly interact with cPLA2?. 
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3. ?? 
? ??????cPLA2?? 3???????????? Ser515???????
????????????????????? CaMK II ? cPLA2? ?????
????????????Ser505? Ser727???????cPLA2??????
???????????????Lin et al., 1993; Hefner et al., 2000??Ser515
?????????CaMK II?????????????? cPLA2??????
?????????????????Muthalif et al., 2001; Fatima et al., 2003??
??????????????????????????Ser515??????
?????????????????????? C12 ???????
A23187/H2O2????CaMK II??????????????????????
CaMK II????Ca2+????????????????????Colbran et al., 
1988, 1989?????H2O2?????? CaMK II?????????????
???Nguyen et al., 2004???????????? A23187/H2O2??? CaMK 
II???????????????????????????????????
????????????????????Ser515??A23187/H2O2????
????????????????????????3???????????
??????? AAA??????1 ???????????????????
?????????????????WT?? 40 %?????????????
cPLA2? ???????????????????????????????
???????????????????????Ser505? Ser727? 2??
????????????????????????WT ? 30~40 %????
???Das et al., 2003??????cPLA2??????????????????
Ser505 ? Ser727 ????Ser515 ????????? A23187/H2O2????
???????cPLA2??????????????????????????
??? 
? CaMK II ????? cPLA2? ????????????????????
?Muthalif et al., 2001??????????????????CaMK II????
?? cPLA2????????????????????CaMK II???????
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